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The population of the United States has been rapidly aging—slowly at
ﬁrst, more rapidly recently. In 1910, only 4 percent of the population was
older than sixty-four. By 1940 the ﬁgure was 7 percent, and by 1990, 13 per-
cent. By 2050 the ﬁgure is projected to rise to at least 20 percent (Costa
1998). If life expectancies increase faster than expected, the percentage of
the population older than sixty-four in 2050 will be even greater. Vaupel
(1991) has argued that children alive today may live ninety on average, or
even one hundred years.
What are the consequences of mortality declines for older-age health?
Gruenberg (1977) and Verbrugge (1984) have argued that rising longevity
may increase both chronic disease and disability rates. Fries’ (1980, 1989)
theory of the aging process implies that the onset of chronic disease and
disability rates can be postponed until the limit of life is reached, thus im-
plying that both chronic disease and disability rates are decreasing. Man-
ton (1982) has argued that even though declines in mortality may increase
the prevalence of chronic disease, the rate of progression of chronic disease
and therefore of disability may fall.
The empirical evidence available thus far shows that, on the whole, pop-
ulation aging has been accompanied by improvements in elderly chronic
disease, disability, and functional limitation rates (for a review of recent
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vanced Study in the Behavioral Sciences.trends see Freedman, Martin, and Schoeni [2002]). Costa (2000) ﬁnds that
the average decline in chronic respiratory problems, valvular heart disease,
arteriosclerosis, and joint and back problems was about 66 percent from
the 1900s to the 1970s and 1980s, a decline of 0.7 percent per year. Costa
and Steckel (1997) document that weight adjusted for height for older men
has increased from dangerously low levels at the turn of the twentieth cen-
tury. Costa (2002) ﬁnds that among men age sixty to seventy-four, func-
tional limitations declined by 0.6 percent per year between 1910 and the
1990s. Improvements in functional limitation rates and also in disability
rates accelerated since the 1980s. Functional limitation rates declined by
1.5 percent per year between 1992 and 1996 (Waidmann and Liu 2000) and
by 1.3 to 1.6 percent per year between 1984 and 1993 or 1995 (Freedman
and Martin 1998, 1999, 2000). Manton, Corder, and Stallard (1997) ﬁnd
that between 1982 and 1989 disability among older individuals declined by
1.1 percent per year and between 1989 and 1994 by 1.5 percent per year. In
exactly comparable data for 1994 and 1999, disability declined by 2.1 per-
cent per year (Manton and Gu 2001). Using diﬀerent data sources and
diﬀerent measures of disability, Cutler and Richardson (1997) ﬁnd declines
of 0.5 to 1.0 percent per year between 1980 and 1990; Freedman and Mar-
tin (1998) observe declines of 0.9 to 2.3 percent per year between 1984 and
1993; and Crimmins, Saito, and Reynolds (1997) observe a disability de-
cline of 0.9 percent per year between 1982 and 1993. Comparing the
oﬀspring of individuals in the Framingham study with the original cohort
shows that among those age ﬁfty-ﬁve to seventy, disability has fallen sub-
stantially between 1977 and 1994 (Allaire et al. 1999).
This improvement in health has not necessarily been continuous. Costa
and Steckel (1997) report that chronic disease rates at older ages were
higher for cohorts born between 1840 and 1849 than for those born be-
tween 1820 and 1829. Cycles may be present in more recent years as well.
Although clinicians’ reports document steady improvements in health
since the 1970s (Waidmann, Bound, and Schoenbaum 1995), self-reported
health declined during the 1970s and 1980s (Freedman and Martin 2000;
Chirikos 1986; Colvez and Blanchet 1981; Crimmins 1990; Verbrugge
1984), suggesting either that health awareness has increased or that dis-
ability has fallen since the 1980s because of declines in the debilitating
eﬀects of chronic conditions. Nonetheless, the overall trend appears to be
one of improving health.
This paper uses the records of Union Army veterans to document dis-
ease rates in the past and to examine why these disease rates were so high.
It focuses on three broad disease states—heart conditions, musculo-
skeletal problems, and loss of cognitive functioning. Heart conditions and
musculoskeletal problems represented the bulk of chronic conditions in the
past (and still do today) and mental impairments today represent a large
percentage of all medical expenditures. Understanding why disease rates
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gevity of diﬀerent cohorts has been rising in the United States and can in-
form our forecasts of morbidity and mortality trends.
Fogel and Costa (1997) argue that the recent increases in health and in
longevity are too rapid to have been caused by genetic or evolutionary
change, and that explanations should focus on changes in the physical en-
vironment. Many factors could account for changes in the physical envi-
ronment, including the increased eﬃcacy of medical care, lifestyle changes,
rising incomes, and rising educational levels. My focus will be on the role
of infectious disease and of occupational stress. My ﬁndings thus have im-
plications for countries still undergoing an epidemiological transition,
many of whom suﬀer from the same infectious diseases as the United
States in the past and, like the United States in the past, have a high pro-
portion of their population employed as manual laborers.
1.2 Environmental Conditions and Disease Etiology
I study three broad disease states—heart conditions, musculoskeletal
problems, and loss of cognitive functioning.1 Loss of cognitive functioning
includes memory loss (which I also consider as a separate category), de-
mentia, senility, depression, psychosis, and hallucinations, as well as other
mental problems. The musculoskeletal problems that I consider are arthri-
tis and back problems. The heart diseases that I examine are valvular heart
disease, arteriosclerosis, and congestive heart failure. I also examine sev-
eral symptoms and signs, namely, murmurs, tachycardia, bradycardia, ir-
regular heartbeat, and a bounding pulse.
The diagnosed heart disease of the nineteenth and early twentieth cen-
tury was primarily valvular, a disease involving any dysfunction or abnor-
mality of the heart valves. In developed countries today ischemic heart dis-
ease (involving a weakened heart pump, either due to previous heart attacks
or to current blockages of the coronary arteries) is the most common form
of heart disease. However, it is unclear whether ischemic heart disease rates
were low in the past or were often undiagnosed. Arteriosclerosis, a thick-
ening and hardening of the artery walls, is commonly used as a term for
atherosclerosis, in which fat, cholesterol, and other substances accumulate
in the walls of arteries, forming plaques, which, when they rupture, cause
heart attacks and stroke. However, arteriosclerosis can arise from other
disease states such as diabetes mellitus or systemic or local inﬂammation.
Congestive heart failure is a disorder in which the heart loses its ability to
pump blood eﬃciently and which could arise from hypertension, coronary
artery disease, or valvular heart disease. Arrythmias such as tachycardia (a
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1. Details about speciﬁc conditions, including common causes, are available from Med-
lineplus.faster than normal heartbeat) and bradycardia (a slow heartbeat) can be
life threatening and are more likely to occur in individuals with coronary
heart disease or heart valve disorders. A bounding (strong and forceful)
pulse can indicate high blood pressure or ﬂuid overload, which in turn can
be caused by congestive heart failure or aortic valve regurgitation, among
other factors. An irregular heartbeat may indicate cardiac rhythm disor-
ders or various other conditions, such as an overactive thyroid, metabolic
or respiratory disorders, or even simply stress or anxiety.
Infectious disease plays a role in all three of the disease states that I ex-
amine. Rheumatic fever and infective endocarditis are the most common
infections causing valvular heart disease. Group A streptococcal bacteria
can cause both scarlet fever and acute rheumatic fever (which may follow
scarlet fever). Rheumatic heart disease—the acute involvement of the
heart (carditis)—results from rheumatic fever, but in about half of all cases
will develop in the absence of any history of acute rheumatic fever, having
been initiated by streptococcal infection (Benedek 1993). Those with a his-
tory of rheumatic fever are at greater risk of infective endocarditis, an in-
fection and inﬂammation of the inner membrane of heart tissue. The end
result of rheumatic fever or rheumatic heart disease is damage to the heart
valves, primarily the mitral and aortic valve.
Both scarlet fever and rheumatic fever were common childhood illness
in the United States in the nineteenth and early twentieth century, and
rheumatic fever was the second most common cause of death among chil-
dren age ten to nineteen as late as 1940 (Wolﬀ 1948). Death rates from
rheumatic and scarlet fever were very high at the beginning of the twenti-
eth century, ﬂuctuating considerably from year to year, but then falling be-
ginning in the mid-1910s (see ﬁgs. 1.1 and 1.2). However, death rates from
rheumatic fever remained high among children throughout the 1910s and
1920s. Salicylic acid was shown to be eﬀective in the treatment of rheu-
matic fever in 1876 and was replaced by the better-tasting aspirin, ﬁrst
manufactured in 1889 (Vane 2000). From 1940 onward, as the link between
streptococcal infections (treated with sulfa drugs and later with penicillin)
and rheumatic fever became well established, deaths from rheumatic fever
fell steadily for all age groups. Collins (1946) shows that the case rate of
scarlet fever did not change from circa 1900 to 1945, but that case fatality
rates fell sharply with the introduction of sulfa drugs in the late 1930s.
Chapin (1926) hypothesized that earlier declines may have been due to de-
creases in the virulence of scarlet fever, perhaps because the adoption of
eﬀective isolation practices eliminated the more severe strains.
Special surveys and military examinations provide information about
the incidence, history, and prevalence of scarlet fever, rheumatic fever,
rheumatic heart disease, and valvular heart disease. Survey data from
1928–1931 reveal that 12 percent of those age twenty to twenty-four had
ever had scarlet fever, most commonly prior to age ﬁfteen (see table 1.1).
24 Dora L. CostaFig. 1.1 Deaths per 100,000 from rheumatic fever and scarlet fever, 1900–1960
Note: Deaths are for death registrations states only. From various issues of Vital Statistics of
the United States.
Fig. 1.2 Deaths from rheumatic fever, death registration states and selected states
Note: From various issues of Vital Statistics of the United States.Table 1.1also shows that less than 1 percent of those age twenty to twenty-
four in 1935–1936 reported ever having had rheumatic fever. However,
physical examinations of Connecticut seventh graders in 1934 and 1940
suggest much higher rates of rheumatic heart disease—4 percent in indus-
trial cities, 3 percent in semi-industrial cities, and 1 percent in rural towns
(Paul and Deutsch 1941). Among the young men examined for military
service, 3 percent had valvular heart disease during World War I and 2 per-
cent had either valvular heart disease or rheumatic heart disease during
World War II (see table 1.2).
Other infectious diseases that aﬀect cardiac functioning include late-
stage syphilis, measles, and typhoid fever. Studies of typhoid and measles
patients in developing countries reveal electrocardiogram abnormalities
(Khosla 1981; Olowu and Taiwo 1990). Measles and diphtheria can lead to
myocarditis. Tertiary (late-stage) syphilis can result in aortitis and aneur-
isms. Infections that have been implicated in atherosclerosis include heli-
cobacter pylori, a bacterium that causes gastritis and stomach ailments;
chlamdyia pneumonia, a bacterium that causes acute upper and lower res-
piratory infections; Coxsackie B4 virus, generally causing symptoms no
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Table 1.1 Incidence and history of rheumatic fever, scarlet fever, and heart disease
among white children (rates per 1000), 1928–1931 and 1935–1936
Ever had, Ever had, Annual incidence
living living and dead in survey year
Rheumatic fever, 1935–1936
Age 20–24 6.9 8.5 0.3
Age 15–19 5.3 6.0 0.4





Age 15–19 112.0 2.1




Under age 15 0.9
Notes: The rates for ever had for 1928–1931 are based upon a survey of 9,000 families as re-
ported in Collins (1938) and those for 1935–1936 are based upon mother’s answers to the sur-
vey question of the 1936 Communicable Disease Study as reported in Collins (1946, 1947) and
Collins and Councell (1943). Past histories of rheumatic fever are for the children of the na-
tive-born. The living and dead category includes children who died of rheumatic fever and
who, if they had survived, would have been age 20–24 in 1936. Annual incidence rates in the
survey year are based both the 1936 Communicable Disease Study and upon the 1935–1936
National Health Survey as reported in Collins (1946, 1947) and Collins and Councell (1943).
Annual incidence rates for heart disease are based upon the National Health Survey as re-
ported in Collins (1947).more serious than a common cold or sore throat; and some herpes viridae
(see reviews by Lindholt et al. 1999; Valtonen 1991; Wong, Gallagher, and
Ward 1999). The evidence linking chlamdyia pneumonia to atherosclerosis
is the strongest; however, helicobacter pylori infection may be especially
harmful when folate absorption is reduced, either because of decreased
consumption of ascorbic acid or of folates (Markle 1997).
Estimates of prevalence rates in the ﬁrst half of the twentieth century ex-
ist for some of the commonly recognized infections. Among those older
than sixty-four interviewed in health surveys conducted in 1928–1931, 11
percent reported having had typhoid fever at some point in their lives and
8 percent reported having had diphtheria (Collins 1936, 1937). These num-
bers are probably underestimates. Tests in three cities in the 1920s showed
that nearly 60 percent of adults had acquired immunity to diphtheria prior
to any artiﬁcial immunization (cited in Collins 1937). Venereal disease was
also widespread. At least 3 percent of men examined for military service
during World War I had venereal diseases (Love and Davenport 1920) and
reexaminations yielded higher prevalence rates, showing that 5 percent of
men entering the army had syphilis and 23 percent had gonorrhea (Brandt
1987). The more careful examinations done by the military services during
World War II included serological tests, and found that 4 percent of men
had syphilis (U.S. Selective Service System 1943).
The writings of settlers allow us to trace the history of what has been 
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Table 1.2 Rheumatic heart disease and valvular heart disease rates per 1,000 men
examined for military service, World War I and World War II
Acute Rheumatic Valvular




19,923 men prior to May 31, 1941 2.5 18.2
Nov. 1940–Sept. 1941
All races 0.1 3.5 12.6
Whites 0.1 3.8 12.7
Blacks 0.0 1.5 11.7
Apr. 1942–Dec. 1943 3.6 12.9
All races 3.6 12.9
Whites 4.0 12.6
Blacks 1.2 15.0
Sources: Love and Davenport (1920); U. S. Selective Service System (1941, 1943, 1944).
Note: Valvular diseases of the heart include aortic insuﬃciency, aortic stenosis, mitral
insuﬃciency, mitral stenosis, combined aortic and mitral lesions, pulmonic lesions, tricuspid
lesions, and unclassiﬁed valvular lesions. This category excludes unspeciﬁed murmurs.
Adding unspeciﬁed murmurs would increase the rate per 1,000 from 12.6 to 24.9 for Nov.
1940–Sept. 1941.described as “the United States disease of the late nineteenth century”—
malaria (Innes 1993). Often confused with typhoid fever, even in the early
twentieth century, and sometimes even confused with yellow fever and in-
ﬂuenza, two malarial strains were common in the United States. Vivax
malaria, introduced to local mosquitoes by European colonists in the early
seventeenth century, spread into the upper Mississippi Valley as far north
as Canada. The more malignant falciparum malaria, introduced by Af-
rican slaves in the late seventeenth century, became the dominant strain in
southern states such as South Carolina or Georgia that were south of the
thirty-ﬁfth parallel (Innes 1993; Humphreys 2001). Settlement of the Mid-
west caused an initial upsurge in malaria, followed by stability in the 1850s,
and then another upsurge as the Civil War brought men into endemic re-
gions and returned them to their local communities as carriers to start epi-
demics in areas that had been free of malaria for many years. By the 1880s
and 1890s malaria in the upper Mississippi Valley began to recede as drain-
age eﬀorts reduced mosquito breeding sites, the installation of screens on
homes reduced transmission to human hosts, a growing livestock popu-
lation diverted mosquitoes from human to animal hosts, and as trans-
portation moved from water to rail (Ackernecht 1945; Humphreys 2001).
Malaria then became solely a problem of the South, where it remained a
problem in rural areas even into the 1940s. By World War II, blood tests of
men examined for military service revealed that zero percent of the U.S.
population was infected (U.S. Selective Service System 1943).
In modern populations lasting cardiac damage due to malaria is rare,
but in some cases falciparum malaria can lead to myocarditis and persis-
tent tachycardia (Charles and Bertrand 1982). Excessive doses of quinine,
widely used in the nineteenth century to alleviate recurrent attacks of vivax
malaria (but which only cures falciparum), can lead to fatal cardiotoxicity
and produces cardiac symptoms such as tachycardia and bradycardia, par-
ticularly in patients with renal insuﬃciency or hypokaliemia (Charles and
Bertrand 1982).
Both infectious disease and mechanical work stress play a role in mus-
culoskeletal conditions. The joint inﬂammation of arthritis can result from
a bacterial or viral infection, an autoimmune disease (rheumatoid arthri-
tis), mechanical injury to a joint, or mechanical wear and tear that breaks
down the joint cartilege (osteoarthritis). Musculoskeletal symptoms are
common with many infections, including malaria, syphilis, rheumatic
fever, inﬂuenza, variola, vaccinia, gonorrhea, mumps, and tuberculosis.
With some injuries and diseases, the inﬂammation may never go away or
may cause permanent damage.
Disease and injury can also cause brain damage. Common causes of
memory loss include stroke, head trauma, epileptic seizures, brain infec-
tions such as herpes encephalitis, and Alzheimer’s disease. Less common
causes include cerebral malaria, which often results in damage to the sub-
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ing to depression, poor memory, personality change, and irritability and vi-
olence (Varney et al. 1997). Typhoid fever is accompanied by delirium, hal-
lucinations, ﬂuctuating moods, confusion, attention deﬁcit disorder, and
encephalitis (in rare cases) Ali et al. 1997). Encephalitis is also a rare com-
plication of measles (Bergen 1998). Tuberculosis can involve the central
nervous system in the form of subacute meningitis or intracerebral granu-
lomas and result in focal epilepsy (Bergen 1998). Tyas et al. (2001) found
that individuals who had received vaccinations for either inﬂuenza, tetanus,
polio, or diphtheria faced less risk of Alzheimer’s disease. Another cause of
long-term memory loss is exposure to poisonous fumes (Tyas et al. 2001;
Kishi et al. 1993). In addition, most studies ﬁnd that individuals with fewer
years of schooling are at greater risk of Alzheimer’s disease (e.g., Tyas et al.
2001) and are less able to recover cognitive functioning after a stroke.
Some of the risk factors for memory loss were greater among Americans
of the nineteenth and early twentieth centuries than among Americans 
today. Risk of death from violence fell from 1900 to 1960, regardless of
whether homicide deaths are counted, suggesting that the risk of injury in
both the workplace and the home has declined. Mortality from stroke in
the past was also high. Ten percent of Union Army veterans age ﬁfty to
sixty-four in 1900 were dead of stroke by 1917. In contrast, a seventeen-
year follow-up of Americans of the same age alive in the early 1970s
showed no stroke deaths (Costa 2003). Stroke survival in 1900 was rare, but
those who did survive were much more disabled than stroke survivors to-
day. Having had a stroke increased the probability of paralysis by 0.7
among Union Army veterans age sixty to seventy-four in 1910, but among
Americans in the late 1980s and early 1990s this probability increased by
only 0.1 (Costa 2002).
Higher socioeconomic status has historically enabled men to buy less-
crowded housing, cleaner food and water, warmer clothes and shelter,
more and better food, and less work away from home for pregnant women
or mothers with small children. However, the evidence on the impact of in-
come on mortality (for which I have much more extensive information than
health) in historical United States populations is mixed. Wealth conveyed
no systematic advantage for the survival of women and children in house-
holds matched in the 1850 and 1860 censuses (Steckel 1988). Preston and
Haines (1991) used the question on the number of children ever born and
the number of children still living in the 1900 census to report that place of
residence and race were the most important correlates of child survival in
the late nineteenth century, much more important than fathers’ occupa-
tion. In contrast, early researchers emphasized the importance of social
class. Rochester (1923) reported that within the high disease environment
of U.S. cities there was a steep gradient between infant mortality and fam-
ily income. Chapin (1924) reported that in Providence, Rhode Island in
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while the corresponding rate for nontaxpayers was twenty-ﬁve per thou-
sand. Recent research has also emphasized the importance of social class
to mortality in past populations. Costa and Lahey (2005) found that
among Union Army veterans observed at ages sixty to seventy-four, those
of higher lifelong socioeconomic status were favored in survival. Ferrie
(2003) linked households in 1850 and 1860 to one-year mortality rates as
reported in the 1850 and 1860 censuses of mortality, and found a wealth
gradient in rural areas of the United States. Those with greater personal
property wealth were less likely to die from any cause and were less likely
to die from consumption, a disease associated with crowding and poor
housing. They were not more likely to die of cholera, a disease spread
through contaminated water supplies, at a time when individuals did not
know how to protect themselves.
The sample that I study—Union Army veterans—faced many unnatu-
ral situations during the course of their military service. The total number
of deaths in the Civil War equaled the total number killed in almost all
other U.S. wars combined, and more than one out of every ﬁve white men
participating died, over half of them from disease (Vinovskis 1990). Union
Army veterans who lived to 1910 had seen, on average, 13 percent of the
men within their companies die during the war. In one company over half
of the men died during the war. In addition, 4 percent of these survivors
had personally experienced head injuries and had also experienced very
high disease incidence. Twenty-nine percent of them had had diarrhea, 14
percent had had respiratory ailments, 12 percent had had rheumatic fever
or experienced rheumatic athropathies, 6 percent had had measles, and an-
other 6 percent had had typhoid (see table 1.3). Although according to
wartime records only 4 percent of men had had malaria, records of the ex-
amining surgeons suggest that by 1910 7 percent had had malaria and 8
percent another fever (see table 1.3). Infectious diseases acquired in the
army may have been more severe than those acquired in civilian life if re-
peated rapid passage increased the virulence of infectious agents. Contem-
porary observers noted that measles among Civil War troops was a much
severer infection than that witnessed in the civilian population, often fol-
lowed by such complications as chronic bronchitis, pneumonia, pleurisy,
chronic diarrhea, and general debility (Cliﬀ, Haggett, and Smallman-
Raynor 1993).
Men who had been prisoners of war, as was true for 9 percent of those
who survived to 1910, may have been at particularly high risk. Studies of
World War II and Korean War POWs suggest that some of the sequelae of
acute malnutrition include higher risks of death from ischemic heart dis-
ease, particularly after age seventy-ﬁve (Page and Brass 2001; Page and
Ostfeld 1994), greater prevalence rates for duodenal ulcer and strongy-
loidiasis (Goulston et al. 1985), for neurological disorders (Gibberd and
30 Dora L. CostaSimmonds 1980), and for psychiatric problems, particularly psychoneuro-
sis (Beebe 1975).
Thus far I have stressed the positive relationship between early life con-
ditions and chronic disease at older ages, but the relationship could be neg-
ative as well. If genetic susceptibility to death from infectious disease or
other insults at early ages is positively correlated with genetic susceptibilty
to develop chronic disease at older ages, then, because fewer genetically
frail individuals survive to old age, the morbidity rate of such a cohort may
be lower relative to a cohort in which more genetically frail individuals sur-
vive. Additionally, cohorts who survive infectious disease may acquire par-
tial or complete immunity and therefore may have lower mortality rates.
Lee (2003) ﬁnds that under the extreme disease conditions of Union Army
camp life, growing up in a large city (an extremely unhealthy locale circa
1860) relative to an isolated rural area had a beneﬁcial mortality eﬀect, be-
cause men from isolated areas lacked immunities to the diseases that rav-
aged Union Army camps. However, Costa (2003) and Costa and Lahey
(2003) ﬁnd that among soldiers who survived until 1900 or 1910, those who
had grown up in a large city faced a shorter old age.
1.2.1 Data
The data used in this paper are drawn from the military records of the
Union Army and from the Union Army pension program.2 This pension
program was the most widespread form of assistance to the elderly prior to
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Rheumatic fever or rheumatic athropathies 115.0
Stomach ailments 15.7
Syphilis 13.6
Ever noted by examining surgeon
Malaria 69.0
Any fevers, including scarlet fever, but excluding those due to 
malaria, typhoid, measles, rubella, mumps, and meningitis 75.5
2. The data are available from http://www.cpe.uchicago.edu/ and were collected by a team
led by Robert Fogel.Social Security, covering 90 percent of all veterans by 1910 and beneﬁting
an estimated 25 percent of the population older than sixty-four, whether as
a couple consisting of the former soldier and his wife, the single or wid-
owed veteran, or the widows of veterans (Costa 1998).
The Union Army pension program began in 1862, when Congress es-
tablished the basic system of pension laws, known as the General Law pen-
sion system, to provide pensions to both regular and volunteer recruits
who were severely disabled as a direct result of military service (see Costa
1998) for a history of the Union Army pension program). The Union Army
pension program became a universal disability and old-age pension pro-
gram for veterans with the passage of the Act of June 27, 1890, which spec-
iﬁed that any disability entitled the veteran to a pension. Even though old
age was not recognized by statute law as suﬃcient cause to qualify for a
pension until 1907, the Pension Bureau instructed the examining surgeons
in 1890 to grant a minimum pension to all men at least sixty-ﬁve years of
age unless they were unusually vigorous. Veterans, however, had every in-
centive to undergo a complete examination, because those with a severe
chronic condition, particularly if it could be traced to wartime experience,
were eligible for larger pensions. The surgeons rated the severity of speciﬁc
conditions using detailed guidelines provided by the Pension Bureau.
Copious records were generated by the Union Army pension program.
Pension applications included detailed medical examinations, both for
men whose pension application or bid for a pension increase was rejected
and for men whose applications were accepted. These records have been
linked to the 1900 and 1910 censuses, which provide occupational infor-
mation. The sample was drawn as a cluster sample of companies (roughly
100 men) and includes all enlisted men within a company. All men were
linked to military records, which provide information on stress at young
adult ages, such as prisoner of war status, whether the soldier was ever dis-
charged for disability, and such illnesses as measles, diarrhea, tuberculosis,
typhoid, rheumatism, acute respiratory infections (e.g., pneumonia, bron-
chitis), malaria, and war injuries. About 2 percent of these men were not
yet collecting a pension in 1910, either because their applications had been
rejected or because they had not yet applied for a pension. A surgeon’s
exam is available for 93 percent of all men who had a pension in 1910. Men
for whom a surgeon’s exam is missing tended to be men who entered at a
late age and received a pension on the basis of age. I restrict the sample to
men with a surgeon’s record because I am interested in analyzing the eﬀect
of a speciﬁc condition as noted by the examining surgeon on later health
outcomes. When I redeﬁne my health outcome variables by assuming that
men without a surgeon’s exam had no chronic conditions, the conclusions
I draw from my regression analyses about the importance of infectious dis-
ease, socioeconomic factors, and other variables remain unchanged.
Men who entered the Union Army were probably healthier than the
32 Dora L. Costapopulation as a whole. An examination of men who were rejected for mili-
tary service suggests that mean height for the population was about 0.18
inches less than the mean of the recruits. Once men entered the service, ru-
ral farmers, who were the better-nourished segment of society, were more
likely to die, because they lacked immunities to such common camp dis-
eases as measles and typhoid (Lee 1997). However, men who survived the
war (regardless of occupation) were only 0.02 inches shorter than all re-
cruits at enlistment, suggesting that the war itself induced minimal sur-
vivorship selection on the basis of height and hence on early net nutritional
status. Increased exposure to disease probably left men in worse health
than when they entered the army, but by age ﬁfty even men who had grown
up in rural areas and had not served had probably been exposed to as many
infectious diseases as veterans because of increased migration. Although
little is known about the experience of Union Army veterans from the time
they left the service until they appear on the pension rolls, several tests in-
dicate that this sample is representative of the general population before
the war in terms of wealth and circa 1900 in terms of mortality experience.3
I use the descriptions of the examining surgeons for heart, muscu-
loskeletal, neurological, and infectious disease disorders. For heart disease
the physician described pulse rate and heartbeat characteristics; whether a
murmur was present and its timing, type, and location, and which valves
were involved; whether there was enlargement, oedema, cyanosis, dysp-
noea, or arteriosclerosis. I deﬁne valvular heart disease as any mention of
either mitral or aortic valve murmurs. I deﬁne congestive heart failure as
the contemporaneous mention of edema, cyanosis, and dyspne.4 Note that
arteriosclerosis refers to peripheral arteriosclerosis (symptomatic not just
of atherosclerosis but also of diabetes or inﬂammation). Descriptions of
rheumatism include where the rheumatism was located and whether pain,
tenderness, swelling, or crepitation was associated with the joint. Descrip-
tions of nervous system disorders include descriptions of balance, aphasia,
paralysis, reﬂexes, neuralgia, vertigo, headaches, seizures, memory loss,
and any indications of loss of mental power, including mental illness. De-
scriptions of infectious disease include both diseases suﬀered while in the
army and also diseases suﬀered while out of the army, including current ill-
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3. Among all adult males age twenty and over in the households to which recruits were
linked in the 1860 census, mean wealth was similar to that found in a random sample, sug-
gesting that military service was not very selective of men of lower socioeconomic status. In
fact, 95 percent of the sample consisted of volunteers. Cohort life expectancies of veterans
who reached age sixty between 1901 and 1910 resemble the cohort life expectancies found in
genealogies, and the distribution of deaths from speciﬁc causes for all veterans who died be-
tween 1905 and 1915 does not diﬀer signiﬁcantly from the distribution of expected number of
deaths from those causes in the death registration states in 1910 (Costa 1998).
4. Although more restrictive deﬁnitions are possible (e.g., in the case of congestive heart
failure, including cardiomegaly as a criterion and excluding coexisting respiratory infection
and asthma), the results are robust to minor variations in deﬁnitions.nesses. I use these descriptions of infectious disease as explanatory vari-
ables, classifying them into malaria and into descriptions of any fever, in-
cluding scarlet fever.
With the exception of my infectious disease category, the symptoms,
signs, and conditions that I examine did not require any diagnostic equip-
ment that was unavailable to late nineteenth-century physicians. Because
nineteenth-century deﬁnitions were looser and because nineteenth-century
physicians were more accustomed to direct observation, this may bias past
prevalence rates upward relative to recent prevalence rates. However, after
1907, when men received a pension on the basis of age, prevalence rates in
the Union Army sample are likely to be understated. Prevalence rates may
also be underestimated in the Union Army sample because men may have
developed a condition between the time of the last exam and 1910 (see
Costa 2000 and 2002 for a discussion of potential biases).
The disease reports from soldiers’ military records tend to be terse, one-
or two-word descriptions. I classify rheumatic fever and rheumatic athro-
pathies as one category because the common description rheumatism
could refer to either rheumatic fever, an underlying chronic condition,
traumatic arthritis, or any viral infection accompanied by arthritic symp-
toms. The reports submitted by camp doctors to the surgeon general dis-
tinguish between acute and chronic rheumatism, and these suggest that 40
percent of all cases of rheumatism were acute and were mainly caused by
rheumatic fever. However, some of the chronic cases may have been pro-
longed acute rheumatic fever (Bollet 1991).
Health Trends at Older Ages
Union Army veterans were already disabled by chronic conditions by
age ﬁfty. Among those on the pension rolls and with a surgeon’s exam by
1895 (when program eligibility had already been broadened), 16 percent of
men age ﬁfty to ﬁfty-nine had valvular heart disease and 44 percent of men
in that age group had joint problems. As Union Army veterans aged, the
burden of disability rose. By ages sixty-ﬁve to seventy-four, 29 percent had
valvular heart disease, 10 percent had congestive heart failure, 13 percent
had arteriosclerosis, 59 percent had joint problems, 51 percent had back
problems, and 4 percent had memory loss (see table 1.4).
Compared to white men examined in the National Health and Nutrition
Examination Surveys (NHANES), Union Army veterans aged prema-
turely by ten to twenty years. By ages sixty-ﬁve to seventy-four, Union
Army veterans had the congestive heart failure rates of seventy-ﬁve to
eighty-four-year-old men in the 1988–1994 NHANES III. Their rates of
valvular heart disease at ages ﬁfty to ﬁfty-nine were already more than
twice those of sixty-ﬁve to seventy-four-year olds in the 1976–1980
NHANES II (see ﬁg. 1.3). At ages ﬁfty-ﬁve to sixty-four, Union Army vet-
erans looked like seventy-ﬁve to eighty-four-year-old men in 1988–1994 in
34 Dora L. CostaTable 1.4 Prevalence rates (%) among Union Army veterans by year and age
Year (Age)
1895 1900 1905 1910 1915 1920 1925
(50–59) (55–64) (60–69) (65–74) (70–79) (75–84) (80–89)
Heart
Murmur 26.99 35.34 42.42 44.77 44.24 44.48 51.48
Valvular 15.49 21.76 27.16 28.93 28.64 28.66 33.27
Congestive heart failure 0.59 3.82 7.99 10.18 10.20 10.05 11.61
Arteriosclerosis 0.95 2.12 6.57 10.79 12.79 14.93 28.44
Tachycardia 20.11 24.71 29.96 31.83 31.26 31.49 32.87
Bradychardia 2.58 3.67 5.00 5.70 6.17 5.98 7.38
Bounding pulse 8.77 12.19 16.49 17.35 17.17 16.77 15.75
Irregular heart rate 31.18 40.65 48.52 51.01 51.33 51.39 57.87
Musculoskeletal
Joint problems 43.56 51.64 57.77 59.06 58.72 58.26 59.94
Back problems 36.00 43.57 49.58 50.91 50.62 50.65 49.80
Cognitive
All mental problems 6.54 8.16 10.30 11.31 11.19 12.89 20.18
Memory loss 1.38 2.35 3.39 3.54 3.76 4.63 6.20
Note: Estimated for all men who were on the pension rolls in 1895 and with a surgeon’s exam by 1895.
Fig. 1.3 Heart disease rates by age, Union Army veterans and white men in
NHANES II and III
Note: Valvular heart disease rates in NHANES II are physician-reported. Congestive heart
failure rates in NHANES III are self-reported. Disease rates in the Union Army are physi-
cian-reported. All NHANES rates are weighted using examination or interview weights. Ages
are centered at the marks around a ten year age interval.terms of joint problems (see ﬁg. 1.4). At age ﬁfty to ﬁfty-nine they looked
like sixty-ﬁve to seventy-four-year-old men in 1976–1980 in terms of back
problems (see ﬁg. 1.5).
Variation in chronic disease prevalence rates within the Union Army
sample by infectious disease rates and by occupational class was even
greater than variation in prevalence rates across the Union Army and more
recent samples. Figures 1.6–1.8show that men who were professionals and
proprietors circa 1900 had the lowest rates of valvular heart disease, joint
problems, and back problems at all ages than all other occupational
groups. In the case of joint and back problems, at no age did professionals
and proprietors ever resemble those in manual labor in terms of chronic
conditions. Figures 1.9–1.11 show that those men who had had rheumatic
fever during the war faced much higher prevalence rates of valvular heart
disease, joint problems, and back problems at all ages than those who had
not had rheumatic fever. A sixty-year-old man who had had rheumatic
fever had a slightly higher prevalence rate of valvular heart disease than a
seventy-year-old man who had not had rheumatic fever. A sixty-ﬁve-year-
old man who had had rheumatic fever had a slightly higher prevalence rate
than an eighty-ﬁve-year-old who had not had rheumatic fever. In the case
of joint and back problems, at no age did those who had not had rheumatic
fever have prevalence rates as high as those who had had rheumatic fever.
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Fig. 1.4 Joint problems by age, Union Army veterans and white men in 
NHANES III
Note: Joint problems are physician-reported. “Ever had arthritis” is self-reported. Disease
rates in the Union Army are physician-reported. All NHANES ﬁgures are weighted using
examination or interview weights. Ages are centered at the marks around a ten year age
interval.Fig. 1.5 Back problems by age, Union Army veterans and White Men in
NHANES II and NHANES III
Note:Back problems in NHANES II are physician-reported. Back problems in NHANES III
are self-reported. Disease rates in the Union Army are physician-reported. All NHANES ﬁg-
ures are weighted using examination or interview weights. Ages are centered at the marks
around a ten year age interval.
Fig. 1.6 Valvular heart disease prevalence rates by age and by occupational class
circa 1900
Note: Ages are centered at the marks around a ten year interval.Fig. 1.7 Joint problems prevalence rates by age and by occupational class 
circa 1900
Note: Ages are centered at the marks around a ten year age interval.
Fig. 1.8 Back problems prevalence rates by age and by occupational class 
circa 1900
Note: Ages are centered at the marks around a ten year age interval.Fig. 1.9 Valvular heart disease prevalence rates by age and whether had rheumatic
fever during the Civil War
Note: Ages are centered at the marks around a ten year age interval.
Fig. 1.10 Joint problems prevalence rates by age and whether had rheumatic fever
during the Civil War
Note: Ages are centered at the marks around a ten year age interval.Results
I use probit regressions to determine what factors predicted the proba-
bility that a veteran would have one of three disease states in 1910. That is,
I run regressions of the form
Pr(I   1)   Pr(ε   X   )   (X   )
where I   1 if a veteran had a speciﬁc chronic condition, sign, or symptom
associated with one of the three disease states,  () is a standard normal cu-
mulative distribution function, and X is a vector of control variables. The
dependent variables are equal to 1 if the veteran has one of the following
speciﬁc chronic conditions, signs, or symptoms: a heart murmur, valvular
heart disease, arteriosclerosis, congestive heart failure, an irregular pulse,
tachycardia, bradychardia, a bounding pulse, joint problems, back prob-
lems, any mental problems, and memory loss.
Rheumatic fever during wartime and an examining surgeon’s record of
either malaria or other infectious diseases increase the probability of heart
disease, signs, or symptoms for all of our disease states among Union
Army veterans age sixty to seventy-nine in 1910 (see tables 1.5 and 1.6).
Having had rheumatic fever during the war increased the probability of
valvular heart disease by 0.08 and the probability of both arteriosclerosis
and congestive heart failure by 0.05. Having had malaria increased the
40 Dora L. Costa
Fig. 1.11 Back problems prevalence rates by age and whether had rheumatic fever
during the Civil War




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































xprobability of valvular heart disease by 0.14 and having had another in-
fection increased this probability by 0.08.
Other infectious disease conditions and proxies for infectious disease
conditions aﬀected selected heart conditions. Respiratory infections while
in the army were statistically signiﬁcant predictors of murmurs, valvular
heart disease, congestive heart failure, irregular heartbeat, and tachycar-
dia. Stomach ailments while in the army increased the probability of arte-
riosclerosis. Men who had faced the severe malnutrition and harsh disease
environment of POW camps were more likely to have valvular heart dis-
ease and to exhibit murmurs, irregular pulse, and tachycardia.
Rheumatic fever and malaria were also strong predictors of joint and
back problems (see table 1.7). Rheumatic fever while in the army increased
the probability of joint problems by 0.17 and of back problems by 0.15.
Malaria noted by an examining surgeon increased the probability of joint
problems by 0.10 and of back problems by 0.12. Other infections increased
the probability of back problems by 0.05.
Wartime typhoid fever, tuberculosis, malaria, or other infectious dis-
eases as noted by the examining surgeons predicted mental problems (see
table 1.8). Those who had had typhoid fever saw their probability of all
mental problems increase by 0.03, and those who had had tuberculosis saw
their probability of memory loss increase by 0.03. Malaria increased the
probabilty of all mental problems by 0.04 and of memory loss by 0.02.
Other infections increased the probability of mental problems by 0.06 and
of memory loss by 0.02.
Other predictors of all mental problems and of cognitive functioning in-
cluded having had a head wound during the war, having had a stroke at
older ages, having epilepsy, and, in the case of memory loss, wartime stress
as measured by the percentage of the company who died during the war. A
head wound during the war increased the probability of all mental prob-
lems by 0.09 and of memory loss by 0.06. Having had a stroke increased the
probability of all mental problems by 0.45 and of memory loss by 0.28.
Having epilepsy increased the probability of all mental problems by 0.42
and of memory loss by 0.22. An increase of a standard deviation (0.086) in
the percentage of the company that died increased the probability of mem-
ory loss by 0.006.
I ﬁnd that socioeconomic factors were important predictors of all of the
three disease categories that I study. Controlling for occupation circa
1900, men who were professionals and proprietors at enlistment were sig-
niﬁcantly less likely to have valvular heart disease, arteriosclerosis, con-
gestive heart failure, and back problems compared to men who were farm-
ers or laborers. Controlling for occupation at enlistment, men who were
professionals and proprietors circa 1900 were signiﬁcantly less likely to
have valvular heart disease, congestive heart failure, and joint or back
problems than men who were farmers or laborers circa 1900. Men with
The Health of Older Men in the Past 45Table 1.7 Musculoskeletal characteristic probits (marginal eﬀects), Union Army veterans age
60–79 in 1910
Joint Problems Back Problems
Standard Standard
Error Error
Dummy   1 if occupation at enlistment
Farmer
Professional or proprietor –0.033 0.026 –0.064∗∗ 0.027
Artisan –0.002 0.017 –0.048∗∗ 0.020
Laborer 0.035∗ 0.019 0.002 0.020
Dummy   1 if occupation circa 1900
Farmer
Professional or proprietor –0.094∗∗∗ 0.019 –0.067∗∗∗ 0.017
Artisan 0.018 0.020 –0.006 0.020
Laborer –0.005 0.016 –0.001 0.017
Logarithm of personal wealth in 1860 –0.001 0.003 0.006∗∗ 0.003
Dummy   1 if writes 0.027 0.025 0.025 0.025
Dummy   1 if city size
50,000  0.011 0.015 –0.004 0.016
25,000–50,000 0.007 0.028 –0.010 0.033
2,500–25,000 0.013∗ 0.017 –0.006 0.018
< 2,500
Dummy   1 if in war had
Diarrhea –0.009 0.012 0.013 0.014
Malaria 0.024 0.030 0.012 0.033
Respiratory infection –0.036∗∗ 0.018 –0.031∗ 0.017
Measles –0.023 0.022 0.001 0.024
Tuberculosis –0.004 0.042 –0.023 0.043
Typhoid –0.027 0.026 –0.011 0.024
Rheumatic fever 0.170∗∗∗ 0.017 0.147∗∗∗ 0.017
Stomach ailments –0.008 0.047 0.054 0.041
Syphilis 0.038 0.050 –0.001 0.048
Dummy   1 if surgeons found evidence
Malaria 0.099∗∗∗ 0.023 0.121∗∗∗ 0.023
Other infections 0.005 0.021 0.050∗∗∗ 0.021
Proportion of company who died –0.121∗ 0.074 –0.081 0.082
Dummy   1 if POW 0.011 0.019 –0.009 0.023
Pseudo R2 0.024 0.020
Observed P 0.615 0.518
Observations 7,349 7,349
Note:Robust standard errors, clustering on the company. Additional control variables include a dummy
equal to one if the veteran was ever wounded in the war, dummies for quarter of birth, a dummy if oc-
cupation circa 1900 was unknown, and dummies if the individual was not linked to the 1900 or 1860 
census.
∗∗∗ Signiﬁcant at the 1 percent level.
∗∗ Signiﬁcant at the 5 percent level.






∂xTable 1.8 Cognitive characteristic probits (marginal eﬀects), Union Army veterans age 60–79
in 1910
All mental problems Memory loss
Standard Standard
Error Error
Dummy   1 if occupation at enlistment
Farmer
Professional or proprietor 0.019 0.017 0.008 0.009
Artisan 0.014 0.013 0.009 0.007
Laborer 0.002 0.011 –0.004 0.004
Dummy   1 if occupation circa 1900
Farmer
Professional or proprietor 0.026∗∗ 0.012 –0.001 0.005
Artisan 0.017 0.013 –0.003 0.005
Laborer 0.007 0.010 0.005 0.005
Logarithm of personal wealth in 1860 –0.002 0.002 –0.002∗∗ 0.001
Dummy   1 if writes –0.060∗∗∗ 0.018 –0.015∗ 0.010
Dummy   1 if city size
50,000  0.016 0.010 0.005 0.004
25,000–50,000 0.018 0.022 –0.003 0.008
2,500–25,000 0.004 0.011 0.002 0.005
< 2,500
Dummy   1 if in war had
Diarrhea 0.018∗∗ 0.009 –0.004 0.004
Malaria –0.018 0.017 0.003 0.009
Respiratory infection –0.014∗ 0.011 0.001 0.005
Measles –0.002 0.016 –0.001 0.006
Tuberculosis 0.016 0.031 0.027∗ 0.020
Typhoid 0.029∗ 0.018 –0.004 0.006
Rheumatic fever –0.007 0.011 –0.001 0.005
Stomach ailments 0.045 0.034 0.017 0.020
Syphilis 0.044 0.035 0.014 0.018
Dummy   1 if surgeons found evidence
Malaria 0.044∗∗∗ 0.017 0.016∗∗ 0.009
Other infections 0.060∗∗∗ 0.017 0.016∗∗∗ 0.007
Dummy   1 if head wound in war 0.086∗∗∗ 0.023 0.064∗∗∗ 0.017
Proportion of company who died 0.050 0.049 0.070∗∗∗ 0.019
Dummy   1 if POW 0.008 0.014 –0.002 0.005
Dummy   1 if had stroke 0.464∗∗∗ 0.031 0.277∗∗∗ 0.029
Dummy   1 if epilepsy 0.419∗∗∗ 0.057 0.217∗∗∗ 0.042
Pseudo R2 0.136 0.249
Observed P 0.117 0.039
Observations 7,349 7,349
Note: Robust standard errors, clustering on the company. Additional control variables include a dummy
equal to one if the veteran was ever wounded in the war, dummies for quarter of birth, a dummy if occu-
pation circa 1900 was unknown, and dummies if the individual was not linked to the 1900 or 1860 census.
∗∗∗ Signiﬁcant at the 1 percent level.
∗∗ Signiﬁcant at the 5 percent level.






∂xhigher personal property wealth in 1860 were signiﬁcantly less likely to
have developed congestive heart failure and arrythmias by 1910 and to
have experienced memory loss. The illiterate were more likely to have men-
tal problems or memory loss by 1910.
Predicting Declines in Chronic Conditions
How much of the diﬀerence in chronic disease rates between Union
Army veterans and men in the late twentieth century is explained by infec-
tious disease prevalence and socioeconomic conditions? In this section, I
consider the case of valvular heart disease and of arthritis, both of which
exhibited remarkable declines in prevalence rates. Among white men age
sixty to seventy-nine in the 1988–1994 NHANES, the prevalence of arthri-
tis was 38.4 percent compared to a predicted prevalence of 61.5 among
Union Army veterans. Among white men age sixty to seventy-four (older
age groups were not examined) in the 1976–1980 NHANES, the prevalence
of valvular heart disease was 5.4 percent, compared to a predicted preva-
lence of 28.5 among Union Army veterans.
I use the regressions for Union Army veterans to calculate lower-bound
estimates of the declines due to diﬀerences in the disease environment and
to changes in the occupational distribution. Thus I assume that I could de-
crease rheumatic fever rates from 11.5 percent to only 0.7 percent, equal to
the percentage age twenty to twenty-four who in 1935–1936 reported ever
having rheumatic fever (see table 1.1). I also assume that I could decrease
malaria rates from 6.9 to 0.3 percent, equal to the percentage of individu-
als in the 1928–1931 health surveys who reported having had malaria in 
the past twelve months (Collins 1944). Because, as previously noted, the
case fatality of scarlet fever declined sharply, I further assume that the co-
eﬃcient on fever becomes zero, but that the other coeﬃcients remain un-
changed. Finally, I increase the proportion of white collar workers in our
sample and decrease the proportion of laborers and of farmers by assum-
ing that the occupational distribution of Union Army veterans at enlist-
ment was the same as that of men in 1940 and that the occupational distri-
bution of Union Army veterans circa 1900 was the same as that of men in
1980. Table 1.9 presents the results of my prediction exercise for Union
Army veterans.
Table 1.9 shows that decreases in the prevalence of the speciﬁc infectious
diseases that I examine and changes in the occupational distribution would
decrease the prevalence of valvular heart disease from 28.5 to 23.6 percent
and of arthritis from 61.5 to 55.9 percent. Given that the prevalence of
valvular heart disease fell by roughly 22.5 percentage points and that the
prevalence of arthritis fell by 23.1 percentage points, I can explain roughly
22 percent of the decline in valvular heart disease and 24 percent of the de-
cline in arthritis. The eﬀects of disease declines and of occupational shifts
are of roughly similar magnitudes.
48 Dora L. Costa1.3 Conclusion
Past populations who lived at a time when medical care was ineﬀective
at best provide us a unique opportunity to study the eﬀects of untreated in-
fectious disease and physical injuries on chronic disease. I have shown that
in the past, occupation was an important determinant of valvular heart
disease, congestive heart failure, and joint and back problems, suggesting
that higher socioeconomic status protected against mechanical wear and
tear and that it purchased less crowding and therefore less infectious dis-
ease, such as rheumatic fever. Infectious diseases such as rheumatic fever
and malaria predicted various heart and musculoskeletal conditions. Pris-
oner of War (POW) status, perhaps a proxy for both nutritional depriva-
tion and infectious disease, predicted various heart conditions, including
valvular heart disease. In addition, respiratory disease predicted various
heart conditions, and typhoid, tuberculosis, and malaria predicted mental
problems. Stroke was a particularly important predictor of mental prob-
lems and of memory loss, illustrating the value of stroke therapies. Addi-
tional predictors of memory loss included illiteracy, head wounds, and the
percentage of a veteran’s company who had died during the war, suggest-
ing that wartime trauma also played a role.
My ﬁndings suggest that the high probability of physical injury on the
job and in the home in the past, the high rates of infectious disease, and in-
comes that were too low to purchase uncrowded housing all explain why
chronic disease rates were historically so high among men. Declining dis-
ease rates and the shift from blue-collar to white-collar jobs explain at least
22 percent of the decline in valvular heart disease since 1900 and 24 per-
cent of the decline in arthritis. What accounts for the remaining three-
quarters of the decline? I am probably underestimating the portion of the
decline due to infectious disease because I cannot observe childhood ill-
nesses. Additional potential explanations include the mechanization of
blue-collar jobs and reductions in work injuries within jobs, innovations in
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Table 1.9 Predicted prevalence of valvular heart disease and arthritis among Union
Army veterans age 60–79 in 1910
Valvular heart Arthritis
disease (%) (%)
Predicted, based upon actual values 28.5 61.5
If decline in rheumatic fever from 11.5% to 0.7% 27.7 59.6
If decline in malaria from 6.9% to 0.3% 27.5 60.7
If the coeﬃcient on fever becomes 0 27.8 61.5
Predicted, all of above three eﬀects 25.9 58.7
Shift in occupational distribution 26.1 58.8
Infectious disease changes and occupational distribution 23.6 55.9
Note: Based upon the regressions shown in tables 1.5 and 1.7. See the text for details.medical care, and the diﬀusion of accurate medical knowledge to individ-
uals, and improvements in the consumed food supply.
Why did infectious disease rates, which played such an important role in
the decline in chronic disease rates, fall? Early work emphasized advances
in medical technology, rising incomes and living standards, public health
reforms, improved personal hygiene, and natural factors such as the de-
clining virulence of pathogens (United Nations 1953 and 1973). McKewon
(1976), arguing by a process of elimination, upset this consensus view and
claimed that because mortality declines began prior to any changes in med-
ical technology or in public health reforms, the primary explanation had to
be improved nutrition. Fogel (1997) argued for the importance not of nu-
trition per se, but rather of net nutrition—that is, the diﬀerence between
food intake and the demand made on that intake by disease, climate, and
work. Those with parasitic diseases suﬀer depletion of iron supplies despite
their consumption of an otherwise healthy diet. Recurrent suﬀerers from
gastrointestinal diseases cannot digest all of the ingested nutrients.
Recent work on public health reforms that has utilized microdata or
city-level data has emphasized the eﬃcacy of these reforms. While there
may have already been a declining trend in such water-borne diseases as ty-
phoid or diarrhea, cities’ sanitary reforms led to substantial declines in
death rates and disproportionately beneﬁted the poor because they had
neither the knowledge nor the income to protect themselves in a high-
disease environment (Cain and Rotella 2001; Troesken 2004; Costa and
Kahn 2006). In addition to large investments in sewage, clean water, and a
clean milk supply, cities also invested in disease reporting and quarantin-
ing systems and, in conjunction with private philanthropists, in well-baby
and -child care (including vaccination), and in campaigns against speciﬁc
diseases such as syphilis. While doctors may not have been able to prescribe
penicillin or antibiotics, they did learn how to quarantine patients to pre-
vent diseases from quickly spreading and hence also from becoming par-
ticularly virulent as they jumped from patient to patient. Public health
eﬀorts were not limited to large cities. There were various health cam-
paigns in rural areas, the most notable that against hookworm in the rural
South, a campaign that also disproportionately beneﬁted the poor (Bleak-
ley 2007). Foods were fortiﬁed with iron. There is clearly much more work
to be done quantifying the contributions of various health campaigns and
innovations in care. Only when this quantiﬁcation is complete will we be
able to determine with certainty why infectious disease rates fell.
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